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Abstract 
Solid phase method of strontium aluminate synthesis (SrAl2O4) is based on calcination of the mixture of strontium carbonate 
(SrCO3), aluminum oxide (Al2O3), oxides of REM (europium, dysprosium) and a mineralizer - borate glass (H3BO3) at a 
temperature of 1200-1400°C within 4-6 hours. We have proposed a technique of thermal shock – rapid heating and rapid cooling 
of the sample by means of which the duration of synthesis is reduced to 30 minutes. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Statement of a problem 
Currently crystalline phosphors play an important role in science and technology. Crystalline phosphors are 
characterized by long afterglow among the luminescent substances. 
Wide-zone aluminates have become widely spread and well-deserved in the last 10-15 years. This is due to the 
fact that they have high light accumulation properties, high brightness of residual afterglow sufficient for daily 
observation of glow in the dark. Their service time is not physically limited and therefore they are increasingly 
gaining consumer market. 
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Phosphors with long afterglow are widely used for the safety of night traffic, emergency lighting of educational 
and pre-school facilities, cultural, sports and other institutions. 
Phosphors based on strontium aluminate belong to the second generation of phosphors, and are characterized by 
not only a more preferred performance, but also by higher environmental safety. These photoluminophors are inert 
to aqueous and solvent environments, resistant to various irradiation, non-toxic, fire and explosion safe; hazardous 
radioactive radiation is absent (comparable to background). They are low risk chemicals considering their exposure 
on organism, their components hazard class is 4. It means that strontium aluminates are chemically and biologically 
inert and are among the weakly hazardous products considering their effects on the human body. 
It is photoluminophors which have become most widely used in household and industry. 
Photoluminophors are fine, non-flammable, non-explosive and environmentally friendly powders which do not 
contain any radioactive isotopes. 
All methods of synthesis of alkaline earth metal aluminates and powder phosphors based on them can be divided 
into solid-phase and liquid-phase synthesis methods. 
Solid-phase synthesis methods are characterized by simplicity of experimentation, high luminous efficiency, and 
large temperature range. Liquid-phase methods are superior to solid-phase methods on homogeneity, but are 
complex in execution. 
Liquid phase methods include: 
x method of co-precipitation as oxalates, hydroxides, followed by their treating at high temperatures;  
x sol-gel method  
x freezing-out method;  
x method of combustion;  
x method of deposition. 
Solid phase synthesis is the simpler and more cost-effective method for the synthesis of phosphors.  
Solid phase method of strontium aluminate synthesis (SrAl2O4) is based on calcination of the mixture of 
strontium carbonate (SrCO3), aluminum oxide (Al2O3), oxides of REM (europium, dysprosium) and a mineralizer - 
borate glass (H3BO3) at a temperature of 1200-1400°C within 4-6 hours. 
We have proposed a technique of thermal shock 1,2 – rapid heating and rapid cooling of the sample by means of 
which the duration of synthesis is reduced to 30 minutes. 
Objective: To establish the basic regularities of the process of formation and change of fluorescent parameters 
obtained by solid-phase method using a thermal shock. 
To achieve this it was necessary to solve the following problems: 
x to prove the possibility of obtaining phosphors by solid-phase method using a thermal shock;  
x to study the physical and chemical laws and specificity of the given synthesis of phosphors based on strontium 
aluminates (SrAl2O4); 
x to study the influence of nature, content and composition of REI on the physical, chemical and luminescent 
properties of strontium aluminates;  
x to study the influence of the amount and nature of mineralizer on physical, chemical and luminescent properties 
of strontium aluminates activated by REI. 
2. Study of the synthesis of phosphor based on strontium aluminate. 
REE oxides with the content of basic substance of not less than 99.99% were used as initial for the synthesis of 
phosphor based on strontium aluminate: 
x SrCO3 – strontium carbonate; 
x Al2O3 – aluminum oxide; 
x Eu2О3 – europium oxide;  
x Dy2O3 – dysprosium oxide;  
x Glass phase on the basis of boron oxide. 
Synthesis of phosphors was performed by solid phase synthesis using thermal shock.  
The following types of analyzes were carried out in the work: 
x X-ray fluorescence; 
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x X-ray diffraction; 
x Thermogravimetric; 
x Electron microscopy.  
To perform these analyzes modern research equipment was used: 
x scanning electron microscope Philips SEM 515; 
x X-ray fluorescence crystal diffraction scan spectrometer SPECTROSCAN-MAKS (produced by JSC “NPO 
SPECTRON”, Saint-Petersburg); 
x complex for thermal analysis in the composition, simultaneous thermal analyzer STA 409 РС Luxx (Germany, 
“Netzsch-GeratebauGmbH”); 
x X-ray diffractometer Shimadzu XRD 6000; 
x Laser particle size analyzer Analysette-22. 
Since the solid-phase synthesis was carried out using a thermal shock (rapid heating and cooling), it was 
necessary to set the parameters of the high-temperature furnace first, the moment of the establishment of the working 
temperature (1250°C) after loading the charge in the furnace. 
Typical schedule of furnace temperature is shown in Fig. 1, which shows that the isothermal conditions in the 
furnace are executed after a 10 minute exposure, which can be considered as the start time of the experiment. 
Therefore, for further experiments, it was necessary to raise the temperature in the furnace to 1250°C for the 
synthesis in isothermal conditions at a temperature of 1220°C, i.e. with a margin to compensate for losses during 
introduction of the sample of synthesized material. 
In addition, experiments were carried out in a shaft furnace in which it was necessary to find gradientless zone 
first – the zone in which the temperature is kept constant throughout the whole process of synthesis. 
As the graph (Fig. 2) shows gradientless zone begins at a distance of 220 mm from the lid of the furnace, while 
the height of the zone is 60 mm. 
 
 
Fig. 1. Typical schedule of furnace temperature 
The resulting samples were subjected to XRD analysis. 
X-ray pattern (Fig. 3) above shows the phase of powder, synthesized by solid phase method using a thermal 
shock at 1220°C, duration of synthesis is 30 minutes, beneath is the X-ray pattern showing the phase of powder 
synthesized by a standard procedure at 1350°C, duration of synthesis is 6 hours. 
According to the analysis, it was found out that the examined powder contained 99.9 ± 0,1% of SrAl2O4 phase, 
hence it is possible to obtain a basis of phosphor within 30 minutes using the proposed method. 
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Table 1. Results of XRD analysis 
Sample Discovered phases Content of phases, vol.% 
Strontium aluminate (1220°С; 30 minutes). SrAl2O4 99.9±0.1 
 
 
Fig. 2. Temperature gradient on furnace height 
 
Fig. 3. X-ray patterns of strontium aluminate synthesis products 
In the absence of mineralizer the formation of two intermediate phases: SrAl4O7 and Sr3Al2O6 is observed during 
the preparation of the initial charge, in addition to the main phase SrAl2O4.  It implies that the process of forming a 
phosphor of the given composition SrAl2O4: Eu, Dy includes two successive stages. 
At the initial stage of calcination of initial charge a limiting stage of the process of formation of the phosphor a 
chemical reaction between SrCO3 and Al2O3 is a limiting stage of the process of formation of the phosphor: 
 5SrCO3 + 4Al2O3 
ͺͷͲെͻͲͲԨሱۛ ۛۛ ۛۛ ሮ Sr3Al2O6 + SrAl4O7 + SrAl2O4 + 5CO2↑; (1) 
With further calcination the content of intermediate phases begins to decrease due to the occurrence of 
intermediate reactions: 
 SrAl4O7 + SrO 
ͳͳͲͲԨሱۛ ሮۛ 2SrAl2O4; (2) 
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 Sr3Al2O6 + 2Al2O3 
ͳͳͷͲെͳʹͲͲԨሱۛ ۛۛ ۛۛ ۛۛ ሮ 3SrAl2O4. (3) 
Thermogravimetric analysis of the synthesized phosphor with the composition Sr0.986Eu0.01Dy0.004Al2O4 showed 
that the weight loss of the sample was 19%, which conforms to  SrCO3 decomposition at 800°C and the release of 
CO2 (which agrees with mass number 44), and confirms the two-step mechanism of strontium aluminate formation. 
We studied the samples of phosphors Sr0.986Eu0.01Dy0.004Al2O4, (strontium aluminate activated by europium and 
dysprosium) obtained by standard technology of solid sintering and by developed technology in the presence and 
absence of mineralizer.  
In the absence of mineralizer samples were sintered aluminates of ill-formed microcrystals with highly defective 
surface. This is due to low diffusion mobility of atoms as a result of which the growth of particles is not observed 
The kinetics of the formation of phosphor particles is limited by diffusion processes, which even at a temperature 
of 1320°C proceed with a very low rate and do not provide the obtaining of phase systems of the desired 
dimensions. 
Use of mineralizer leads to a significant increase in the rate of the formation of the phosphor and the growth of its 
microcrystals due to the processes of dissolution-precipitation through the liquid phase of mineralizer. 
Similar processes occur during the formation of microcrystals of the phosphor when they are obtained by the 
method of solid-phase synthesis. In this case, the formation of microcrystals of phosphor similar in shape and size of 
4-5 microns occur at temperatures 1220 and 1250°C. At the same time the presence of a mineralizer (glass phase 
containing up to 10 wt% of boron) promotes the formation of larger, well-formed individual crystals of 20-30 
microns. 
The size of these particles can be controlled by changing the temperature of the process, the content of the glass 
phase (boron content), cooling conditions. Thus, changing the synthesis temperature to 1250°C the reduction of 
microcrystals to 2-3 microns was reached of which large single crystals of 20-40 microns were formed. 
The synthesized phosphor SrAl2O4:Eu, Dy has a gray-white or yellow-green color at normal light before 
irradiation. After irradiation, the emission color is green. 
Thus, the synthesis of phosphors on the proposed technology allows obtaining microcrystals of main phase with 
the dimensions of 3-5 mm, which are collected within the individual particles into larger well-formed granules of 
20-30 microns in the conditions of thermal shock and the presence of a mineralizer. 
Based on the analysis of the experimental data, we conducted a comparison (Table 2) of technologies for 
production of phosphors by the standard technology and the proposed technology of solid-phase synthesis. 
It is evident that when applying the technology of solid phase synthesis temperature and the duration of synthesis 
is much less. This entails a significant reduction in price of production. 
Table 2. Comparison of technologies for production of phosphors 
Classical technology Technology of solid phase synthesis with thermal shock 
Mixing the original mixture of precursors, homogenization Mixing the original mixture of precursor and mineralizer, 
homogenization 
Heating the charge in the furnace to the temperature of 
synthesis 1350°C  
Reaching the temperature - thermal shock. The charge is 
introduced in the furnace preheated to the synthesis temperature 
of 1220°C. 
Holding at the synthesis temperature for 6-8 hours Holding at the synthesis temperature for 30 minutes 
Cooling simultaneously with a furnace (24 hours) Removal of the synthesized powder out of the hot zone of the 
furnace (hardening)  (up to 1 minute) 
Fining and sieving Not required 
Agitating Not required 
 
 B.M. Kerbel et al. /  Procedia Chemistry  11 ( 2014 )  152 – 157 157
3. Research of garnet structure phosphor synthesis. 
Phosphors with garnet structure, activated by cerium, are used for the light-emitting diodes of white glow (LED).  
Currently, LEDs have broad and diverse range of applications. The most studied is yttrium-aluminum garnet. 
Preparation of material for the synthesis was carried out using sol-gel method. 
The following mother substances were used: 
CeO2 – ceric oxide chemically pure; 
Y2O3 – yttrium oxide chemically pure;  
Gd2O3 – gadolinium oxide chemically pure;   
Al(NO3)3 – aluminum nitrate chemically pure;  
NH4OH – 25%. 
The solution was prepared by dissolving REE oxides in a hot aqueous solution of nitric acid, powders were 
placed into the flat bottom flask made from heat resistant glass. CeO2 was dissolved in nitric acid during heating (for 
better dissolution a few crystals of NH4F was added). After dissolving of cerium, Y2O3 and nitric acid were 
gradually added. Then Gd2O3 and Al(NO3)3 were added. Acid volume was calculated based on stoichiometry. 
After complete dissolution, the solution was cooled to room temperature, 25% of NH4OH was added for 
precipitation, and then it was filtered through a “blue ribbon” filter. Phosphor itself was obtained by the method of 
continuous solid-phase synthesis at a temperature of 1200°C within 30 minutes. 
X-ray diffraction analysis, electron microscopy, X-ray fluorescence analysis were carried out. 
XRD analysis of Y4Al12O9 showed that the main peaks of phases coincide with standard samples. 
The results of electron microscopy showed that not all the particles are uniform in size, but the majority of the 
particles have a diameter of not more than 6 microns, which meets the requirements for phosphor powders from the 
viewpoint of optical characteristics performance. 
4. Conclusions 
Phosphor of desired phase and granulometric composition with characteristics corresponding to the given 
technical conditions can be obtained using the method of continuous solid phase synthesis 1,2, wherein the 
temperature and time of the sintering process decrease, leading to cheaper production. 
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